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PRINTER = ( pget -> print ->
pput -> PRINTER ).

SCANNER = ( sget -> scan ->
sput -> SCANNER).

P = (pget -> sget -> scan ->
print -> pput -> sput -> P ).

Q = (sget -> pget -> scan ->
print -> sput -> pput -> Q).

|SYSTEM = (p:P || 9:Q || {p,q}::PRINTER
| {p,q}:SCANNER).
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B Serially reusable resources
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PRINTER =
SCANNER =

P
Q

ISYSTEM =

( ps.get -> print -> ps.put -> PRINTER ).
( ps.get -> scan -> ps.put -> SCANNER).

( ps.get -> scan -> print -> ps.put -> P).
( ps.get -> scan -> print -> ps.put -> Q).

(p:P || 9:Q || {p,q}::PRINTER || {p,q}::SCANNER ).
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PRINTER = ( pget -> PRINTERUSE ),
PRINTERUSE = ( print -> PRINTERUSE
| pput -> PRINTER).

P=(pget->
(sget ->scan->
print -> pput -> sput -> P
| timeout -> pput->P

)

). R %*b%ﬁﬁ%T“b'lﬁ%%%b\- .

LTSATlEprogress check®, RIEE (#43h)
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PRINTERMONITOR = ( pget ->
( pput -> PRINTERMONITOR
| timeout ->
( pyield ->
oput -> PRINTERMONITOR
| pput -> PRINTERMONITOR

)
)
).
P=(pget->
(sget ->scan->
print -> pput -> sput -> P
| pyield -> pput -> P

)
).
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PRINTER = ( pget -> print ->
pput -> PRINTER ).

SCANNER = (sget -> scan ->
sput -> SCANNER).

P=(pget -> sget -> scan ->
print -> pput -> sput -> P ).

Q= (pget-> sget ->scan ->
print -> sput -> pput -> Q).

|SYSTEM = (p:P || 9:Q || {p,q}::PRINTER
|| {p,q}:SCANNER ).
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historyZ 88 A L v RO SREEFICEFHF LEW0ELD
synchronized LCH T 5

synchronized protected boolean produce() {
sem.release();
history.add(sem.availablePermits());
return true;

}
synchronized protected boolean consume() {
try {
sem.acquire();
} catch (InterruptedException e) { ... }

history.add(sem.availablePermits());
return true;

}
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synchronized protected boolean produce() {

sem.release(); P=(
history.add(sem.availablePermits()): |lock->
return true; s.put ->
1 work ->
unlock -> P).
synchronized protected boolean consume() {
try { C=(
sem.acquire(); lock ->

} catch (InterruptedException e) { . s.read[1.N] ->
history.add(sem.availablePermits());| sget->

return true; work ->
} unlock -> C)
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CLIENT = CHBEHLIFELL
process -> command -> respond -> CLIENTT
) @{command,respond}. S BRI
NEREIfEE U CHESR
CHBbHIFIEL<EMD

CLIENT2 = (

process -> command -> CLIENT2

| process -> command -> respond -> CLIENT2
) @{command,respond}.
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CLIENTCHECKER = (T,
C1=(

command -> C2

| respond -> ERROR

),
C2 =(

respond -> C1

| command -> ERROR

).

5T & N7E LB

EDNECE

DIFEIRET
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property GOODCLIENT =
(command -> respond -> GOODCLIENT ).
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const N =2
RESOURCE = RESOURCE][O0],
RESOURCE[u:0..N] = (

put -> RESOURCE[u+1]

| get -> RESOURCE[u-1]
), ESEATVASYN;E %EH/T\EI’J
RESOURCE[-1] = ERROR, ERRORIC & W 1&7E
RESOURCE[N+1] = ERROR.
PRODUCER = ( put -> PRODUCER ) +{get,put}.
CONSUMER = ( get -> CONSUMER ) +{get,put}.
[ISYSTEM = ({p1,c1,c2}:RESOURCE || p1:PRODUCER

| c1:CONSUMER || c2:CONSUMER).
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ZENREE B2 GEEIZEES)
B ERROR%

L9 propertyx AN I5E

RESOURCE[-1] = ( reset -> RESOURCE[0] ),

RESOURCE[N+1] = ( reset -> RESOURCE[0] ).
BEESEDCSHTESD
|SYSTEM = ... ERRORIZH LEIESEIT B LDICT B

{p1,c1,c2}:SAFERESOURCE ). - L.
Ite ) property CEZ LTc 7Ot AEE R

property SAFERESOURCE = SAFERESOURCE[Q],
SAFERESOURCE[u:0..N] = (

when (u<N) put -> SAFERESOURCE[u+1]

| when (u>0) get -> SAFERESOURCE[u-1]

) SN 2EEE R

f-ishikawa @ MI4FEm1 26



ZeMEEE | A2 (REIFESR)
P CDEEBCHEBDELEIZTTEDEY

EET, REDEZHESEL THLget/putzd 5L DI

LEITFNIEESED
B 70D NIKRFEERDZget/put] IFREFHELEDELSIC
OvoxEBELDICLEITFNEESEWD

E Oy I SIFFRREFEC7O0v o952
EERBTAH®, BECEHWEEIKZAY I ZF
BT EHD S

f-ishikawa @ MI%F&E1

27



R

% B DR
T RAY Y
e

alE GETTIE)

f-ishikawa @ MI%F&E1

28



alE GETIE)

B EME GETTME)  (Liveness/Progress) : B3

UDVRRICWOW DD ERET BT &

B XDEHDWLDH0ICE S

EERETHEVDODHORTHESRE A —ILHEL

EEOT7O0CRETUZ2—00OY 7EHWVDHOERTY
BT EDTES

EAETENT, 2, 3OWLWTNHAEEICLDHTD
zfﬁ?%%(&h%ﬁiﬁmii&ﬁ%:&@ﬁ
L\

F. ..
[ERICWNDOEES (TOv I EnNGira &Ehk
L) | EWHSEVEILZARWNWSZ EHZN

f-ishikawa @ MI%F&E1

/711
(——




b;||

e GE1TE) AREE A

AV RO ETRICKROEELMETEHEWND

L

H5 (EBE5DhBGELGETDHT EEFEY)

COINTOSST = ( pick -> COIN),

COIN = ( CHHFEE LW
toss ->
( heads -> COIN | tails -> COIN )

). headsH\E[R(C

FEEDD?
progress HEADSPROGRESS = {heads} —
progress TAILSPROGRESS = {tails} tails®® (&)
progress TOSSPROGRESS = {heads,tails}

headshHMailsoLyg nbvh ([EL)
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H2 (EE55D0D0HELESD T EFEL)
COINTOSS2 = (
pick -> COIN ELAEENIT VT
| cheatpick -> CHEATCOIN 4\ #42 Z & Hds 2
)l
COIN = (
toss ->

( heads -> COIN | tails -> COIN )

),
CHEATCOIN = (toss -> heads -> CHEATCOIN ).

progress TAILSPROGRESS = {tails}
progress TOSSPROGRESS = {heads, tails}

progress HEADSPROGRESS = {heads} tailsD I ER & 75
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p (& terminal sethH®
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COINTOSST = ( pick -> COIN),

COIN = (
foss ->
heads -> COIN | tails -> COIN
,( heads => COIN [ talls = COIN) 8% (1 a5)

KV EEL
|IBROKENCOINTOSS1 = COINTOSS1 << {heads}.
progress HEADSPROGRESS = {heads} tailslicE LER &5

progress TAILSPROGRESS = {tails}
progress TOSSPROGRESS = {heads,tails}
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E XOVBRICHGWF ) AZBBRICET
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COINTOSST = ( pick -> COIN),

COIN = (
toss ->
(heads -> COIN | tails -> COIN ) B (129)
). KV RE
|IBROKENCOINTOSS1 = COINTOSS1 >> {heads}.
B heads|cRg L
progress HEADSPROGRESS = {heads} B L2

progress TAILSPROGRESS = {tails}
progress TOSSPROGRESS = {heads,tails}
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alt GEfTIE) WL

L 51 2

B JZAT7 2« F—/\—Df|

CLIENTT = ( request -> serve -> CLIENTT
CLIENT2 = (request -> serve -> CLIENT2

SERVER = ( request -> serve -> SERVER ).

ISYSTEM = ( c1:CLIENTT || c2:CLIENT2
| {c1,c2}:SERVER)
<<{cl.request}.

progress PROGRESS1T = {c1.serve}
progress PROGRESS2 = {c2.serve}

).
).
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